The total lipid content of Mycobacterium smegmatis ATCC 607 was the same whether it was grown at 27 or 37 "C. The total phospholipid content, however, increased significantly at 27 "C. Phosphatidylethanolamine increased most markedly with a simultaneous decrease in phosphatidylinositol mannosides. Among individual phosphatidylinositol mannosides, tri-and tetra-acylated dimannophosphoinositides and tetra-acylated hexamannophosphoinositides all decreased at the lower growth temperature. Triacylglycerols and monoacylglycerols increased at the lower temperature but diacylglycerols were unaffected. Unsaturated fatty acids of total phospholipids increased as the temperature was lowered.
Values are means & S.D. of four different batches, except for fatty acids where the averages of three batches are given. The results were considered to be significant with P < 0.05. The levels of significance are denoted by * P < 0.05, ** P < 0.01, *** P < 0.001.
Abbreviations: MzF3, triacylated dimannophosphoinositide; MzF4, tetra-acylated dimannophosphoinositide; M, + Mp, tri-and tetra-acylated mannosides ; M6F3, triacylated hexamannophosphoinositide; M6F4, tetra-acylated hexamannophosphoinositide.
Unknown component which has the same retention time as methyl linoleate.
as described by Talwar & Khuller (1977) . Neutral lipids were separated by; thin-layer chromatography as described by Dhariwal et al. (1977) . Fatty acid methyl esters, prepared from phospholipids (acetone-insoluble fraction) by heating with anhydrous methanol acidified with conc. H2S04 (Gander et al., 1972) , were resolved by gas-liquid chromatography on a 1.5 m column of 10 % diethylene glycol succinate on 100 to 200 mesh diatomite C-AW (packed column obtained. from Pye Unicam) at 180 "C using N2 as carrier gas at 45 ml min-1. Since oleic and tuberculostearic acid have the same retention time on this column, the fatty acid methyl esters were brominated (Kates, 1972) and then rechromatographed. Fatty acids were identified by comparing their retention times with those of standards. Relative fatty acid composition was determined by triangulation of peak areas.
RESULTS A N D D I S C U S S I O N
There were considerable differences in the relative amounts of the major phospholipids, phosphatidylinositol mannoside components, acylglycerols and in the fatty acid composition of phospholipids at the two growth temperatures ( Table 1 ). The total lipid content of the bacteria was not significantly affected by the growth temperature but phospholipids were 45 % higher at 27 "C than at 37 "C. The lipid phosphorus content in both thermophilic and mesophilic bacteria has previously been observed to increase at higher temperatures (Ray et al., 1971 1970) it has been found to increase at lower temperatures. It appears from our results, and the earlier work of De Siervo (1969) , that at lower temperatures the synthesis of phospholipids is favoured, or alternatively the breakdown of phospholipids is slower.
Phosphatidylinositol mannosides were decreased by 30 % at the lower temperature, i.e. similar to the decrease observed in Mycobacterium phlei (Dhariwal et al., 1977) . However, there was a 90 % increase in phosphatidylethanolamine at 27 "C (Table 1) . Others (Raziuddin, 1976; Dhariwal et al., 1977; Okuyama et al., 1977; Khuller, 1977) have noted a decrease in phosphatidylethanolamine at lower temperature, although De Siervo (1 969) observed an increase in E. coli. The decrease in phosphatidylinositol mannosides and simultaneous increase in phosphatidylethanolamine may have a protective role in maintaining membrane fluidity. Cardiolipin content has previously been found to be higher (Raziuddin, 1976 ; Dhariwal et al., 1977) or lower (De Siervo, 1969; Okuyama et al., 1977) in cells grown at 27 "C compared with those grown at 37 "C; no change in cardiolipin content was noted in this investigation with M . smegmatis. There were significant changes in the individual components of the phosphatidylinositol mannosides at the different growth temperatures :
at 27 "C, the dimannoside containing four fatty acid residues (M,F,) was 62 % lower than at 37 "C, the dimannoside containing three fatty acids (M2F3) was 17 % lower and the hexamannoside with four fatty acids (M6F4) was 39 % lower. The tri-and tetramannosides (M,+M4) and the hexamannoside containing three fatty acids (M6F3) did not change significantly (Table 1 ). The marked decrease in the M2F4 component at 27 "C is similar to that found in M . phlei (Dhariwal et al., 1977) . This may be due to a block in the biosynthetic pathway of higher mannosides. The total acylglycerol content was significantly higher in cells grown at 27 "C than at 37 "C. The triacylglycerols showed a smaller increase (19 %) than the monoacylglycerols (56 %), while the diacylglycerols were unaffected (Table 1) . These results are in agreement with the findings of Hunter & Rose (1972) . However, such changes have not been observed in some other micro-organisms (Haest et al., 1969; Cullen et al., 1971 ; Gill, 1975) . The relative proportion of unsaturated fatty acids increased markedly at the lower growth temperature. The increase in unsaturation was mainly due to the significant decrease in tuberculostearic acid and increase in an unknown component (Table 1) . These results are in accord with earlier findings (Farrell & Rose, 1967; Barran & Miller, 1976; Raziuddin, 1976; Okuyama et al., 1977; Dhariwal et al., 1977) . The increase in unsaturation may be due to an increase in the dehydrase/desaturase enzyme (Cronan, 1975) or to the altered activity of enzymes at the lower temperature (Sinensky, 1971) .
The exact influence of temperature on physical properties of the membrane cannot be deduced from these present results since compositional effects may partly counteract one another (Barran & Miller, 1976) , and also the change in growth rate with change in temperature may contribute to the changes in overall lipid composition (Brown & Rose, 1969) . The compositional adaptation may serve to maintain a constant membrane fluidity in response to temperature changes.
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